Abstract: Basil (Ocimum L.) species are used as medicinal plants due to their essential oils exhibiting specific biological activity. The present work demonstrated that both the variety and season/conditions of cultivation had a significant effect on (i) the produced amount (extraction yield), (ii) qualitative, as well as (iii) quantitative profile
Statistical evaluation of the extraction yields obtained from particular varieties and in different years was carried out by means of Tukey's test. The data presented in Table 1 indicate that as variety as year of cultivation have significant effect on the content (extraction yield) of essential oil.
The most significant statistical difference, with the highest extraction yield, was observed in case of the new variety 'Mánes' compared to the other varieties. 'Mánes' provided not only the highest extraction yield but also constant/consistent yields of essential oil over all the pot cultures (seasons) studied. These characteristics make the 'Mánes' variety very promising for the use in the pharmaceutical, food, and cosmetic industries.
Identification of Essential Oil Components in Ocimum Basilicum Varieties
Separation and identification of particular essential oil components in the seven studied basil varieties was carried out by means of the GC-MS method developed for this purpose (for the optimum GC-MS conditions see Section 3.5), see the samples profiles in Figure 1. 
Results

Evaluation of Extraction Yield of Ocimum Basilicum Varieties
The content of the basil essential oil in the aerial part of plant of seven basil varieties was determined by the method of steam distillation according to [21] , without using xylene. The contents of the extracted essential oils obtained from the 'Ohře', 'Lettuce Leaf', 'Purple Opaal', 'Dark Green', 'Mammolo Genovese', 'Mánes', and 'Red Rubin' varieties are shown in Table 1 Statistical evaluation of the extraction yields obtained from particular varieties and in different years was carried out by means of Tukey's test. The data presented in Table 1 indicate that as variety as year of cultivation have significant effect on the content (extraction yield) of essential oil.
Identification of Essential Oil Components in Ocimum Basilicum Varieties
Separation and identification of particular essential oil components in the seven studied basil varieties was carried out by means of the GC-MS method developed for this purpose (for the optimum GC-MS conditions see Section 3.5), see the samples profiles in Figure 1 . Particular components of basil essential oils, identified by means of Thermo Finnigan NIST 02 Libraries software, are listed in Table 2 . The data in Table 2 illustrate the relative amounts of the individual components detected in the sample profiles (expressed as mean values and corresponding standard deviations obtained from three parallel measurements). The data indicate that the samples' profiles (i.e., basil essential oil components and their relative amounts) are differing from each other depending not only on variety, but also on cultivation conditions. The new variety, 'Mánes', exhibited significant relative amounts of methyl eugenol and eugenol in the spring and summer periods while the majority of eugenol was transformed to methyl eugenol in the autumn period. On the other hand, in case of eucalyptol, β-linalool, and α-bergamotenen, it was the opposite. When considering changes in these periods (see Figure 2) , for example the decrease in solar irradiation and temperature and the increase in relative humidity during autumn period, these factors are supposed to be responsible for biotransformation processes leading to changes in the composition of basil essential oils. Analogically it was found out also for most of the other tested basil varieties. 'Ohře' exhibited significant relative amounts of eucalyptol, β-linalool, methyl eugenol, and δ-cadinene in the spring and summer periods while β-linalool and methyl eugenol dominated in autumn period. 'Dark Green' exhibited significant relative amounts of eucalyptol, β-linalool, α-bergamotenen, p-allylanisol, methyl eugenol, and eugenol in the spring and summer periods, while α-bergamotenen, p-allylanisol, and methyl eugenol dominated in autumn period. 'Mammolo Genovese' exhibited significant relative amounts of eucalyptol, α-bergamotenen, methyl eugenol, and eugenol in the spring and summer periods while α-bergamotenen and methyl eugenol dominated in the autumn period. In comparison with these varieties, 'Lettuce Leaf' exhibited significant relative amounts of eucalyptol, β-linalool, methyl eugenol, and δ-cadinene over all the seasons with higher or lower concentration variability (i.e., qualitative profile was relatively stable) while 'Purple Opaal' or 'Red Rubin' exhibited significant differences in qualitative and quantitative composition of major essential oil components such as eucalyptol, β-linalool, methyl eugenol, eugenol, and δ-cadinene or eucalyptol, α-bergamotenen, methyl eugenol, and eugenol in each season (i.e., qualitative profiles were relatively unstable and more depended on little seasonal changes). Based on the essential oil profiles and corresponding relative detection responses for particular essential oil components (the highest analytical signals), the 'Red Rubin', 'Mammolo Genovese', 'Purple Opaal', 'Manes', and 'Dark Green' varieties were identified as methyleugenol-rich, while 'Ohře' exhibited a variable chemotype depending on the season of cultivation (linalool/methyleugenol). 'Lettuce Leaf' was the sole sample with the estragole domination and it and 'Dark Green' were the only varieties containing detectable amounts of estragole.
Determination of Selected Essential Oil Components in Ocimum Basilicum Varieties
The essential oil components selected for the quantitative evaluation of the seven basil varieties were eugenol, β-linalool, eucalyptol, and estragole due to their general importance in the pharmaceutical, food, and cosmetic industries. Statistical evaluation of the GC-MS method employed for the quantitation included parameters of calibration lines (linear range, determination coefficient, slope, interface), detection and quantitation limits (LOD and LOQ, respectively), and reproducibility of measurements (standard deviation). The resulting performance and calibration parameters are summarized in Table 3 . The data indicated that the quantitation limits, linear ranges, and reproducibility of the measurements were acceptable for sensitive and highly reliable determination of the tested components in basil essential oils extracted from seven studied basil varieties. The application data in Table 4 illustrate concentrations of the selected components found in the tested essential oils. The concentrations are expressed as mean values and corresponding standard deviations obtained from three parallel measurements. The data indicate that the quantities of examined basil essential oil components differ from each other depending not only on variety but also on cultivation conditions. Generally, the pot cultures 1 and 2 (covering the sunny season from half of March to half of July with higher temperature and lower relative humidity) exhibited significantly higher concentrations of the particular quantified essential oil components than pot culture 3 (covering darker season including September and October with lower temperature and higher relative humidity), see Table 4 . Here, methyl eugenol, which exhibited opposite behavior, was an exception (changes in solar irradiation, temperature, and relative humidity were supposed to be responsible for increased biotransformation of eugenol to less preferred methyl eugenol in darker season, see Table 2 ). The concentrations of the quantified components in particular essential oils did not differ significantly when comparing pot cultures 1 and 2. From these observations it is clear that the controlled solar irradiation, temperature, and relative humidity are important factors for providing stable cultivation and, by that, production, or for enhancing production of eugenol, linalool, eucalyptol, and estragole as the key components of essential oils in basil varieties, or for minimizing production of less preferred/unwanted components (e.g., methyl eugenol). The new variety, 'Mánes', exhibited significant amounts of three essential oil components, namely eucalyptol, linalool, and eugenol, while estragole was not quantified, see concentration data in Table 4 . This pattern was more or less similar to other examined basil varieties with exception for 'Lettuce leaf' and 'Dark green' in which estragole could also be quantified. When considering superior extraction yield of 'Mánes', the produced quantity of these important essential oil components is comparable or even better than 'Purple Opaal', 'Mammolo Genovese', 'Red Rubin', 'Ohře' (with exception of linalool content), and 'Lettuce Leaf' and 'Dark Green' (both with exception of estragole content) varieties. 
Plant Material and Cultivation Conditions
Seven basil varieties, namely 'Ohře', 'Lettuce Leaf', 'Purple Opaal', 'Dark Green', 'Mammolo Genovese', 'Mánes', and 'Red Rubin', were used in the experiments. The varieties were obtained from Semo Ltd. (Smržice, Czech Republic) and from Seva-Seed Ltd. (Valtice, Czech Republic).
Basil plants were cultivated as a pot culture in a greenhouse of the Mendel University in Brno, Faculty of Horticulture in Lednice.
Conditions for growing basil (temperature, humidity, slide shades) were controlled by the control system LCC 1240 (DGT Volmatic, Odense, Denmark). The control was ensured by PC SuperLink 4.0 (DGT Volmatic, Odense, Denmark) with a graphic visualization and archiving capabilities. The average temperature, relative humidity, and solar irradiance in each pot culture during the years 2015-2016 were divided into individual growing weeks and are illustrated in Figure 2 . Basil was grown in 500 mL plastic pots, at 20 plants per pot. The plants were cultured in medium Horticultural substrate B with active humus (Rašelina Soběslav Ltd., Soběslav, Czech Republic), irrigated as needed, protected from pests and diseases, and once fertilized (Kristalon Gold, Agro CS, Lučenec, Slovak Republic; dosage: 10 g of fertilizer per 10 L of water). The basil plants were harvested before their flowering. After drying (at room temperature) the plants were stored in paper bags in a dark place until the time of steam distillation.
Steam Distillation of Basil Essential Oil
The content of the basil essential oil in the aerial part of plant was determined at the Department of Vegetable Growing and Floriculture of the Mendel University in Brno by the method of steam distillation according to [21] , without using xylene. The samples of plant material (dried leaf and stem tissue) were fragmented in a laboratory mill (ILABO MF 10 basic, with maximum size of grain 3.15 mm) immediately before the distillation. An amount of 30.0 g of the crushed drug was added in a 1000 mL flask; the content of distillation liquid (water) was 400 mL. The distillation was carried out at a rate of 2-3 mL·min −1 for 2 h. The volume of isolated essential oil was measured in a proper calibrated tube. The extracted essential oils were stored in sealed vials at 4 °C in the refrigerator until GC-MS analysis. The content of essential oils in the plant material was calculated from 2 parallel distillations and expressed in mL·kg −1 .
Apparatus
Gas chromatography analyzer Trace GC, Thermo Finnigan (Waltham, MA, USA) with autosampler AS 2000 (Thermo Finnigan, Waltham, MA, USA) was used for the analysis of the extracted basil essential oil samples. Mass spectrometry detector Trace DSQ (Thermo Finnigan, Waltham, MA, USA) was an integral part of the gas chromatographic analyzer. The GC-MS records were processed by means of Thermo Finnigan Xcalibur 1.3 software (Thermo Finnigan, Waltham, MA, USA). The GC-MS instrumental parameters and conditions are given in section 3.5 GC-MS conditions. Basil was grown in 500 mL plastic pots, at 20 plants per pot. The plants were cultured in medium Horticultural substrate B with active humus (Rašelina Soběslav Ltd., Soběslav, Czech Republic), irrigated as needed, protected from pests and diseases, and once fertilized (Kristalon Gold, Agro CS, Lučenec, Slovak Republic; dosage: 10 g of fertilizer per 10 L of water). The basil plants were harvested before their flowering. After drying (at room temperature) the plants were stored in paper bags in a dark place until the time of steam distillation.
Steam Distillation of Basil Essential Oil
The content of the basil essential oil in the aerial part of plant was determined at the Department of Vegetable Growing and Floriculture of the Mendel University in Brno by the method of steam distillation according to [21] , without using xylene. The samples of plant material (dried leaf and stem tissue) were fragmented in a laboratory mill (ILABO MF 10 basic, with maximum size of grain 3.15 mm) immediately before the distillation. An amount of 30.0 g of the crushed drug was added in a 1000 mL flask; the content of distillation liquid (water) was 400 mL. The distillation was carried out at a rate of 2-3 mL·min −1 for 2 h. The volume of isolated essential oil was measured in a proper calibrated tube. The extracted essential oils were stored in sealed vials at 4 • C in the refrigerator until GC-MS analysis. The content of essential oils in the plant material was calculated from 2 parallel distillations and expressed in mL·kg −1 .
Apparatus
Gas chromatography analyzer Trace GC, Thermo Finnigan (Waltham, MA, USA) with autosampler AS 2000 (Thermo Finnigan, Waltham, MA, USA) was used for the analysis of the extracted basil essential oil samples. Mass spectrometry detector Trace DSQ (Thermo Finnigan, Waltham, MA, USA) was an integral part of the gas chromatographic analyzer. The GC-MS records were processed by means of Thermo Finnigan Xcalibur 1.3 software (Thermo Finnigan, Waltham, MA, USA). The GC-MS instrumental parameters and conditions are given in Section 3.5 GC-MS conditions.
The distillation apparatus Gerhardt (Königswinter, Germany) was used for the extraction of essential oils from the basil plant material. Distilled water used in the experiments was prepared by an Aqua Osmotic type 02 (Aqua Osmotic, Tišnov, Czech Republic) water purification system. The distilled water meets the standards according toČSN 68 4063, Czech Pharmacopoeia 2005, andČSN ISO 3696.
GC-MS Conditions
The identity and quantity of particular components of the basil essential oil were evaluated by the GC-MS analysis method, using gas chromatograph Trace GC equipped with MS detector Trace DSQ and DB-WAX (highly polar capillary column with 100% polyethylene glycol stationary phase) capillary column (circa 30 m of length with inner diameter of 0.25 mm and a 0.25 µm layer of the inner film). The measurement records started 3 min after the run beginning. Temperature of the GC column was kept at 40 • C for 3 min. Then, the temperature gradually increased with the gradients of 8 • C/min up to 60 • C, 5 • C/min up to 70 • C, and 4 • C/min up to 230 • C. The temperature of 230 • C was kept constant for 1 minute. Subsequent GC working conditions were as follows: carrier gas was He with a constant flow rate of 0.5 mL/min, matrix solvent was n-hexane. MS working conditions were as follows: temperature of ion source was 200 • C, temperature MS transfer line was 200 • C, mass range was 20-300 m/z. Injection conditions were as follows: 10 µL injection syringe, injection volume 1 µL, injection temperature was 240 • C, regime of injection was "split", split flow was 50 mL/min, split ratio was 100. The content of selected components of the essential oils was calculated from 3 parallel analyses and expressed in mg/mL. 
Conclusions
It can be summarized that both variety and season of cultivation have a significant effect on (i) the content (extraction yield) and the (ii) qualitative as well as (iii) quantitative profile of basil essential oils. Chemotypes of the studied varieties were evaluated by quantification of four main basil essential oil constituents (i.e., eucalyptol, linalool, estragole, eugenol) and comparing the obtained results with data presented in the literature. According to these criteria, 'Ohře', 'Lettuce Leaf', 'Purple Opaal', and 'Dark Green' were identified as linalool chemotypes, which was in good agreement with the results by Beatovic et al. [11] , Klimankova et al. [12] , and Svecova [14] . Although linalool is declared to be the dominant component of the oil derived from European basil varieties [11, 13, 15, 16] , 'Mammolo Genovese', 'Mánes', and 'Red Rubin', studied as pot cultures in our work, were identified rather as eucalyptol chemotypes. Anyway, a significant amount of linalool in 'Mánes', and 'Red Rubin' corresponded well with the general characteristic features of European basil varieties. In detailed analysis, mixed chemotypes (i.e., with similar concentrations of main quantified essential oil constituents) were found for 'Lettuce Leaf' (linalool:estragole, 1.0:0.9), 'Dark Green' (linalool:eucalyptol, 1.0:0.7), 'Mammolo Genovese' (eucalyptol:eugenol, 1.0:0.9), 'Mánes' (eucalyptol:linalool:eugenol, 1.0:0.6:0.4), and 'Red Rubin' (eucalyptol:linalool:eugenol, 1.0:0.6:0.7). Moreover, when considering also other compounds identified in the GC-MS profiles, all the studied varieties, except 'Lettuce Leaf', were methyl eugenol-rich with strong dependence of the eugenol:methyl eugenol ratio on seasonal changes (solar irradiation, temperature, relative humidity). Similarly to our results, Vani et al. [22] , based on GC analysis, confirmed the higher values of methyl eugenol in September and October. These findings suggested that biotransformation in the basil varieties can be effectively manipulated by controlling cultivation conditions. In this way, maximization/minimization of the amount of target component in essential oil can be provided effectively, not only by the selection of appropriate basil variety, but also by the selection of appropriate pot culture (season). For example, the production of important components of the basil essential oils such as eucalyptol, linalool, estragole, and eugenol was more or less pronouncedly enhanced by increasing solar irradiation and temperature while production of less-preferred methyl eugenol was decreased under these conditions. Surprisingly, the new variety, 'Mánes', exhibited considerably higher extraction yield when compared to other examined basil varieties ('Ohře', 'Lettuce Leaf', 'Purple Opaal', 'Dark Green', 'Mammolo Genovese', and 'Red Rubin'). Here, the extraction yield was enhanced two to five times depending on the compared variety. When considering the superior and stable (i.e., reproducible in inter-seasonal or inter-year measure) extraction yield and favorable essential oil profile of 'Mánes' towards the generally important essential oil components, this basil variety is very promising for use in the pharmaceutical, food, and cosmetic industries.
